Alkaliphiles are an interesting group of extremophilic organisms that thrive at pH of 9.0 and above and which are represented by prokaryotes, eukaryotes, and archaea. It is clear that a variety of taxa are represented among the alkaliphiles, some of which are new. Alkaliphiles can be isolated from normal environments such as garden soil, although the number isolated increases dramatically in highly alkaline environments. Many alkaliphile products, notably enzymes, have found widespread practical applications, primarily in the detergent and laundry industries; other potentially important products isolated from alkaliphiles include antibiotics and carotenoids. Alkaliphiles, and their products, are also potentially important for use in the degradation of xenobiotics, and they play a major role in the biogeocycling of key inorganic compounds. This review provides an insight into the huge diversity of alkaliphilic bacteria, the varied products obtained from them, and the need for further investigations on this interesting group of bacteria.
The majority of microorganisms occur, both in terms of numbers and diversity, in what can be termed "moderate" environments. Microbes also occur generally with less diversity and in lower numbers in so-called "extreme" environments on Earth in which life was previously thought to be restricted or absent prevent the existence of life. Extremophilic microorganisms exhibit the ability to grow at the limits of a variety of environmental factors, which critically influence growth, such as pH, salinity, temperature and pressure; the organisms which grow in such environments are respectively called alkaliphiles, halophiles, thermophiles and acidophiles, 1, 2 Since, alkaline enzymes play a major role in the global enzyme market, it is obviously important that they and the microbes which produce them bee intensively studied. Enzymes obtained from alkaliphiles are stable when added to detergents because of their inherent tolerance to high pH; they can also generally function in the presence of bleach. Enzyme based detergents can also generally function at lower temperatures that equivalent chemical detergents and are generally available at lower cost. Put simply, they are generally cheaper and not require high temperatures to provide efficient washing 2 Alkaliphilic microorganisms are found not only found in environments having neutral or high pH but can also be isolated from acidic soils 3 , probably because soils having areas which have a bulk pH which is neutral or acidic also possess localised alkaline pockets in which alkaliphiles can thrive. Enzymes from these microorganisms have found major commercial applications such as providing additives to laundry detergents, for use in efficient food processing, in the finishing of fabrics, and for use in the pulp and paper industries.
Here i will highlight the main enzymes which are derived from alkaliphiles and discuss their industrial application.
Definition -Alkaliphiles
A number of microorganisms exhibit more than one pH optimum for growth depending on the prevailing growth conditions, particularly in relation to nutrients, metal ions and temperature. Alkaliphiles are microorganisms that grow well, or optimally at pH values above 9, often between 10 and 12, but do not grow at the near neutral pH of 6.5 3 ( Fig. 1) Alkaliphiles consist of two main physiological groups of microorganisms; alkaliphiles and haloalkaliphiles. Alkaliphiles require an alkaline pH of 9 or more for their growth and have an optimal growth pH of around 10 5 . Haloalkaliphiles, in contrast, require both an alkaline pH (pH 9) and high salinity (up to 33% NaCl). Alkaliphiles have been isolated mainly from neutral environments, sometimes even from acidic soil samples and feces. Haloalkaliphiles are mainly found in extremely alkaline saline environments, such as the Rift Valley lakes of East Africa and the western soda lakes of the United States 6, 7 .
Distribution of alkaliphiles
Alkaliphiles have a world-wide distribution in, deep sea, alkaline lake, sub-ground soils and etc. They include, amongst other bacterial groups, aerobic spore-formers, anaerobic nonspore-formers, halophiles, thermophiles, archaea, psychrophiles and piezophile; alkaliphiles fungi, yeast and phages have also been isolated. Naturally occurring alkaline environments, such as carbonate springs, alkaline soils, and soda lakes, are characterized by their high values (pH 8.0-11.0) due to the presence of high concentrations of sodium carbonate salts which are generally formed by evaporative concentration 8 . The Egyptian hyper saline soda lakes in the Wadi Natrun area (30°15'N, 30°30'E) are an excellent example of these hitherto unexplored alkaline ecosystems. The following figure shows the relationship between soil pH and the distribution of alkaliphiles (Fig. 2) . 
Background of the study
Few papers on alkaliphiles were published during in the late nineteen sixties, but since then interest in this group, particularly in relation to their ability to produce industrially useful enzymes has burgeoned. The first paper reporting the production of a alkaline enzyme by an alkaliphilic microorganism appeared in 1971 4 . Traditionally, the Japanese used indigo to dye cloth which had been naturally reduced under alkaline conditions in the presence of slaked lime, wood ash and Japanese sake. Indigo derived from indigo leaves is reduced by particular bacteria that grow under these highly alkaline conditions in a traditional process called "indigo fermentation". The most important factor in this process is pH control which was formerly controlled by the skill of craftsmen. Fig. 2 . Distribution of alkaliphiles in soil in relation to pH
Types of alkaliphiles
Alkaline-adapted micro-organisms can be classified into two main groupings, alkaliphiles (also called alkalophiles) and alkalitolerant species. The term alkaliphiles (alcali from Arabic, soda ash, phile, loving) is generally restricted to those microorganisms that actually require alkaline conditions for growth and the optimum growth rate of these microorganisms is observed in at least two pH units above neutrality. Organisms capable of growing at pH values more than 9 or 10 but, since they exhibit optimum growth rates at around neutrality or less, these are referred to as alkalitolerant 9, 10 .
Aerobic alkaliphiles
Alkaliphilic microorganisms can grow in neutrophilic conditions, as well as occupying specific extreme environments in nature. The medium used to isolate alkaliphilic microorganism must, obviously, be alkaline and usually sodium carbonate is added to adjust the pH to around 10. The population of such microorganisms in soil can reach between 10 2 to 10 5 CFU/ml of soil, this value corresponding to around 1/10 to 1/100 of the population of the neutrophilic microorganisms 1 . Recent studies show that alkaliphilic bacteria have also been found in deep-sea sediments collected from depths up to the 10,898 m of the Mariana Trench 11 .
Anaerobic alkaliphiles
Wiegel 12 has provided a comprehensive review of the isolation, diversity and phylogeny of anaerobic alkaliphiles microbes. Niimura 13 was first reported the occurrence of anaerobic alkaliphilic microorganism, although though no taxonomic details were initially reported. Subsequently, many anaerobic spore-forming alkaliphiles have been isolated using conventional procedures and their enzymes studied. Nine moderately alkalitotolerant thermophilic bacteria, possessing similar properties, have also been isolated from water and soil samples obtained from Yellowstone National Park, including strain JW/ YL-138T and eight similar strains that represent a new genus and species, namely, Anaerobranca horikoshii. At 60°C the pH range for growth of this bacterium is 6.9 to 10.3, with an optimum at pH 8.5. The pH range for growth was found to be between 6.5 to 10.5, with an optimum around 9.0 and both polysulfide and elemental sulfur were reduced to H 2 S.
Haloalkaliphiles
Halkohalophiles occur in alkaline environments such as soda desert and soda lakes, examples of which are the extremely alkaline lakes found in Kenya (Magadi) and Egypt (Wadi Natrun) which contains the alkalinity of pH 10.5 to 12. Hypersaline soda lakes are particularly rich in populated by alkaliphilic representatives of halophilic archaea. McGenity 14 isolated a novel haloalkaliphilic archaea from Lake Magadi. Cells of this organism contain large gas vacuoles in the stationary phase of growth, and colonies produced by these archaea are bright pink; the name Natronobacterium vacuolatasp. nov. has been proposed for this organism. Many organisms isolated from alkaline and highly saline environments, such as soda lakes, also require high salinity, which is achieved by adding NaCl to the isolation medium. Kamekura 15 studied the diversity of alkaliphilic halobacteria on the basis of phylogenetic tree reconstructions, signature bases specific for individual genera, and sequences of spacer regions between 16S and 23S rRNA genes. They proposed the following changes: Natronobacterium pharaonisto to be transferred to Natronomonasgen. nov. as Natronomonas pharaonis gen. nov. comb. nov.; Natronobacterium vacaolatum to be transferred to the genus Halorubrum as Halorubrum vacuolatum comb. nov.; and Natronobacterium magadii to be transferred to the genus Natrialba as Natrialba magadii.
The isolated two haloalkaliphilic archaea from a soda lake in Tibet 16 . On 16S rRNA phylogenetic trees, the two strains formed a monophyletic cluster. They differed from their closest neighbors, Halobacterium trapanicum and Natrialba asiatica, in polar lipid composition, as well as physiological and phenotypic characteristics, the strains should be classified in a new genus, Natronorubrum gen. nov. Other common osmolytes (glycine, betaine, glutamate, and proline) were found not to be accumulated or used for osmotic balance in place of the sulfotrehalose by these halophilic archaea 17 . They belong to the genus Clostridia and the Deltaproteobacteria, respectively, and represent moderate salt-tolerant non sulfate-reducing alkaliphiles.
Enzyme production
Advances in the application of alkaliphilic or alkali tolerant based biomolecules during the past 20 years are due in the main to the introduction to the detergent industry of proteolytic enzymes classified as serine protease. Since the discovery of this enzyme in the 1970s, attention has been centred on alkaliphilic enzymes so that within a few years a large number of enzymes have become available, including alkaline proteases, amylases, pectinases, pullulanase, cellulase, alginases, catalase, RNase, DNase, restriction enzyme, β1,3-glucanase, xylanase, α-galactosidase, β-galactosidase, penicillinase, maltose dehydrogenase, glucose dehydrogenase, uricase, polyamine oxidase, β-mannanase and β-mannosidase 18 .
Protease
Proteases constitute a very important group of industrial enzymes whose global sales amount to the order of 60% of the total enzyme market, of which alkaline proteases constitute 25% 19 . Horikoshiin 1991 first documented that Bacillus sp. strain 221 was capable of secreting alkaline serine protease and since then, many alkaline proteases from other Bacillus sp. have been extensively studied, characterized, and commercialized 20 . ''Burnus,'' was launched in 1913 and was the first enzymatic detergent made of sodium carbonate and pancreatic extract of trypsin, while the first detergent preparation containing bacterial enzyme (BIO-40) was marketed in 1956. The isolated a new alkaline protease from an alkaliphilic Bacillus sp 21 19, 26 .
Dehairing
The conventional dehairing techniques used in the leather industry involve the use of harmful and polluting chemicals such as sodium sulphide. Keratinolytic enzymes can replace such chemical approaches and lead to the production of a higher quality hide and a reduction in the production of toxic wastes. In this process, the non-collagenous hide components are subjected to protease-mediated hydrolysis which results in more rapid water absorption, a reduced soaking time and a reduction on the production of environmental pollutants. Keratinases are proteolytic enzymes that can break down keratinbased substrates. Most keratinases are serine or metalloproteases and function best at vpH ranging from neutral to alkaline and temperatures of 40-60°C Jaouadi 29 have also reported that an extracellular alkaline rSAPB protease from B. subtilis DB430/pNZ1 provided an ecofriendly method of producing goat hides which completely eliminates the use of polluting lime and sulphides.
Amylases
Although alkaline amylases produced by neutrophilic microorganisms have yet to be reported, an alkaline amylase was produced in Horikoshi-II medium by the alkaliphilic Bacillus sp. No. A-40-2 4 . Alkaline amylases are classified into four types according to their pH activity curves. The type-I curve has only one peak at pH 10.5; the type-II curve has two peaks at pH 4.0-4.5 and 9.0-10.0; the type-III curve has three peaks at pH 4.5, 7.0 and 9.5-10.0; finally, the type-IV curve has one peak at pH 4.0 with a shoulder at pH 10 Several attempts have been made to produce cyclodextrins these unique compounds on an industrial scale. In 1969, Corn Products International Co. produced β-CD using B. macerans CGTase. Teijin Ltd of Japan also produced β-CD using the B. macerans enzyme in a pilot plant, although the following serious problems were encountered in both production processes: (1) CGTase from B. macerans is not suitable for industrial use because the enzyme is not thermostable enough. (2) yields of CD from starch are not high, usually 20% to 30% on an industrial scale, and (3) toxic organic solvents such as trichloroethylene, bromobenzene, toluene, etc. have to be used to precipitate CD due to low conversion rates. A CGTase produced by the alkaliphilic Bacillus sp. No. 38-2 overcame all these weak points and was used to mass produce crystalline CD's at low cost without the use of organic solvents. The yield of CD ranged from 85 to 90% for amylose to 70 to 80% for potato starch used on a laboratory scale. Due to the high conversion rate, CDs can be directly crystallized from the hydrolyzate of starch without the addition of organic solvents 34 .
Cellulases
Commercially available cellulases display optimum activity over a pH range from 4 to 6. No enzyme with an alkaline pH optimum for activity (pH 10 or higher) had been reported before our finding of alkaline cellulase. The found alkaliphilic bacteria (Bacillus sp. No. N-4 and No. 1139) producing extracellular carboxymethylcellulases (CMCases) 35, 36 . The alkaliphilic Bacillus sp. No. N-4 (ATCC21833), produces multi-CMCases which are active over a broad pH range (pH 5 to 10). Two alkaline CMCases (enzymes E1 and E2) with an optimum pH for enzyme action at pH 10.0 have been partially purified from the crude enzyme preparation. The enzyme E2 is stable up to 80°C and E1 up to 60°C. No differences between the two enzymes have been observed so far in the type of products formed. Sashihara 37 cloned the cellulase genes of Bacillus sp. No. N-4 in Escherichia coli HB101 with pBR322.
Beppu and coworkers constructed many chimeric cellulases from B. subtilis and Bacillus sp. strain N-4 enzyme genes in an effort to understand the alkaliphily of N-4 enzymes. Although the genes have high homology, the pH activity profiles of the two enzymes are quite different; the B. subtilis enzyme (BSC) has its optimum pH at 6 to 6.5, whereas the Bacillus sp. Strain N-4 enzyme (NK1) is active over a broad pH range from 6 to 10.5. The chimeric cellulases showed various chromatographic behaviors, reflecting the origins of their C-terminal regions.
Enzymes are also increasingly playing a key role in the finishing of fabrics and clothes. In the technique popularly called biopolishing, cellulases eliminate the rough cellulose lumps formed on cloth, thereby providing an even finish to the fabric as well as a brighter color. A similar finishing effect is produced when the enzyme is included as a laundry detergent additive. Traditionally, stonewashing of denims had been carried out using pumice stones, which damage cloth. In the present technology, cellulases have replaced pumice stones, resulting in the nonabrasive process known as biostoning. The biostoning of denim generally involves the use of acid and neutral cellulases, which have the undesirable property of causing back staining of indigo dye. Alkaline or alkali-stable cellulases, which can diminish indigo back staining under higher pH, are recommended for further improvement of the process 38 .
Lipase
Lipases cause hydrolysis of triglycerides releasing fatty acids and glycerol. They can also catalyze the reverse esterification reactions, thus producing glycerides from glycerol and fatty acids. Many lipases are also involved in the catalysis of trans-esterification reactions and enantioselective hydrolyses 39, 40, 41, 42 . Most commercial lipases are obtained from fungi (mainly Rhizopus, Candida, and Rhizomucor) and bacteria (Pseudomonas and Chromobacterium) 43 . The optimum pH of the two lipases was 9.5. Both enzymes were inhibited by bile salts such as sodium cholate, sodium deoxycholate, and sodium taurocholate at 0.25%.Although the initial motivation for studying alkaline lipase was its application to detergents, many alkaline lipases are significantly inhibited in the presence of either alkylbenzene sulfate or dodecyl benzene sulfonate 3 . Watanabe 44 conducted an extensive screening for alkaline lipase-producing microorganisms from soil and water samples. Two bacterial strains were selected as potent producers of alkaline lipase. These were identified as Pseudomonas nitroreducens nov. subsp. thermotolerans and P. fragi. Wang 45 then produced thermostable alkaline lipase from a newly isolated thermophilic Bacillus, strain A30-1 (ATCC 53841). The organism grew optimally at 60-65°C and in the pH range of 6-9. It was characterized as a Bacillus species.
Xylanase
The first paper of xylanase production by an alkaliphilic bacteria was published in 1973 by Horikoshi and Atsukawa 46 . Okazaki reported that four thermophilic alkaliphilic Bacillus stains (Wl (JCM2888), W2 (JCM2889), W3 and W4) produced xylanases 47 . The pH optima for enzyme action of strains Wl and W3 was 6.0 and for strains W2 and W4 was found to be between 6 and 7. The enzymes are stable between pH 4.5 and 10.5 at 45°C for 1 h. The optimum temperatures of xylanases of Wl and W3 is 65°C and those of W2 and W4, 70°C. The degree of hydrolysis of xylan is about 70% after 24 h incubation. The purified enzyme of Bacillus sp. No. C-59-2 exhibits a broad optimum pH ranging from 6.0 to 8.0. Xylanases are hydrolases with a substantial market value of US $200 million 48 . Since xylan contains many side chains, several enzymes are required to act in a synergistic fashion to effect complete hydrolysis of the substrate. Pectinase Pectinolytic enzymes (pectinases), which degrade pectic polysaccharides such as pectin and pectic acid, are distributed in microorganisms and higher plants but not higher animals. Microbial pectinases are widely used in the fruit-and vegetable-processing industries. Recently, a novel field of application is envisaged for pectinases in the production of oligosaccharides as functional food components 49 . Fogarty and coworkers 50, 33 have also reported that Bacillus sp. strain RK9 produces an endopolygalacturonate lyase, whose optimum pH for the enzyme activity toward acidsoluble pectic acid was 10.0. Bacteria secreting alkaline pectinase were first used in the retting process of Mitsumata bast 52 . Alkaliphilic bacterial strain NT-33 can also degum ramie fibers 53 and the retting process of a type of Japanese paper has been improved considerably by the use of alkaline pecticlyase (optimal pH of 9.5) from Bacillus sp. strain GIR 277; this use leads to the production of stronger, better quality paper. Polysaccharide-degrading enzymes from alkaliphilic bacteria have been studied for their effectiveness in degumming of ramie fibers 54 and thermoalkalistable polygalacturonase from Bacillus sp. MGcp-2 are used for similarly treating ramie and sunn hemp fibers 55 .
Catalase
Catalases are classified into: monofunctional catalases, catalase-peroxidases with dual functionality, non-heme catalases, and minor catalases. In addition there exist minor catalases, such as chloroperoxidase and plant peroxidases, are heme-containing proteins. Monofunctional catalases comprise the largest group and are produced by most aerobic Prokaryotes and Eukaryotes. Structurally, they are homotetramers with four prosthetic heme groups and range in size from 200 to 340 kDa. The catalaseperoxidases are homodimeric heme-containing proteins of sizes 120-340 kDa and display both catalase and peroxidase activities. The catalase quantity was found to be elevated when cells were grown at pH 10.0 than at lower pH ranges of 7.0-9.0. Hicks 62 observed that cells of B. firmus OF4, a facultative alkaliphile, showed twice the specific activity for catalase when grown at pH 10.5 compared to when grown at pH 7.5. Nevertheless, the cells grown at pH 10.5 showed more sensitivity to exogenous hydrogen peroxide. In the facultative psychrophile Vibrio rumoiensis S-1T, isolated from an H 2 O 2 -rich location 63 , the catalase activity was found to be 527,500 U mg protein-1, and was faster than that of bovine liver catalase. The catalase functioned optimally at broad pH ranges (6.0-10.0). Subsequently, Phucharoen 57 isolated an alkali-and halo-tolerant bacterium Halomonas sp. SK1, which produced a catalase with high specific activity (57,900 U mg protein-1). This activity was twice as high as bovine liver catalase and the enzyme was active over pH ranges of 5.0-11.0 with optimal activity at pH 10.0. They concluded that use of the catalase had a noticeable and enhanced effect on the dyeing process in addition to improved color yield. There was also added simplicity of application since the catalase could be used in the dyeing bath right after bleaching, leading to lesser washing, water consumption, and effluent volume. The varied properties of catalase, notably the thermoalkali stable types, means that these enzymes are likely to continue to play an important role in textile and food-processing industries; genetic and protein engineering techniques are also likely to bring about desirable changes in the properties of catalases, making them even more useful for use in industry.
Chitinase
Chitinous waste (chiefly from the seafood industry) needs to be recycled to maintain the carbon-nitrogen balance in the environment 64 . Tsujibo 65 isolated two types of chitinases from the alkaliphilic Nocardiopsis albus subsp. prasina OPC-131. The optimum pH of chitinase A was pH 5.0, and that of chitinase B was pH 7.0. Later, Bhushan and Hoondal 66 isolated the alkaliphilic, chitinase-producing Bacillus sp. strain BG-11. The purified chitinase from this organism exhibited a broad pH and temperature optima of 7.5 to 9.0 and 45 to 55°C, respectively, and the enzyme was found to be stable between pH 6.0 and 9.0 at 50°C for more than 2 h. Ag1, Hg21, dithiothreitol, β-mercaptoethanol, glutathione, iodoacetic acid, and iodoacetamide inhibit the activity of the enzyme up to 50%. Chitinase characteristics of gammaproteobacteria (obtained from an alkaline, hypersaline lake) and from a metagenomic library (estuarine bacteria) have been studied using fosmids, the latter are f-factor cosmids capable of containing up to 50-kb DNA. The enzymes from the alkaline lake organisms showed distinctive adaptations making them haloalkali tolerant.
CONCLUSIONS
The major applications of these enzymes have a great economic potential in several industrial processes such as detergent industry, food industry, leather processing, chemical synthesis, pharmaceutical applications and waste management. A number of microbial sources exist for the efficient production of this enzyme, but only a few selected strains of alkaliphiles to meet the criteria for commercial production. In order to achieve the efficient, large-scale manufacture, the structural and functional relationships of alkaliphiles organisms have to be identified in detail. This will lead to improving the stability of the existing enzymes and discovery of several novel ones.
